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Abstract 

Room- t em per a t u r e  , ne ar- inf  r ar e d  t u n a b l e  laser  o p e r a  t i o n  o v e r  

1 1  67-1 3’45 nm range of chromium-doped f o r s t e r i t e  f o r  1 0 h a - m  

pumping is reported. 
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Laser emission i n  the  i n f r a r e d  is of t e c h n o l o g i c a l  importance 

f o r  eye safe r m g i n g ,  r 2 a o t e  s e n s i n g  and o p t i c a l  communication and 

medical a p p l i c a t i o n s .  A number of chromium-based t u n a b l e  s o l i d  

s t a t e  lasers, '  t o g e t h e r  wi th  T i3+ :A1203  laser '  span  a s p e c t r a l  

r ange  of 660-1390 nm. Chromium-activated fors ter i te  laser 3-' is 

unique s i n c e  it e x t e n d s  t h e  t u n i n g  r a n g e  f u r t h e r  i n t o  t h e  nea r -  

i n f r a r e d  t o  1345 nrn. The most i m p o r t a n t  feature  of the tun ing  

r a n g e  of C r : f o r s t e r i t e  Isser is t h a t  i t  l i e s  i n  t h e  wavelength 

r e g i o n  of z e r o  material d i spe r s ion .  We have r e c e n t l y  r e p o r t e d  

b o t h  t h e  p u l s e a  and t h e  cont inuous-vave laser  ojm-at ion of t h i s  

c r y s t a l  a t  room t empera tu re .  '-' In t h i s  l e t t e r ,  we p r e s e n t  t he  

c o n t i n u o u s l y  t u n a b l e  o p e r a t i o n  of t h i s  laser  D v e r  t h e  1167-1345 nm 

s p e c t r a l  Yange. 

The s i n g l e  c r y s t a l  of C r : f o r s t e r i t e  used i n  t h i s  s t u d y  was 

grown by t h e  Czochralski method a t  t h e  E l e c t r o n i c  M a t e r i a l s  

Research Lakuoratory of t h e  X i t s u i  Nining and S a e l t i n g  Co., Ltd. ,  

Japan.  The c rys ta l  is a 6mmx6mrnx30rnm rec t ang l J l a r  p a r a l l e l e p i p e d .  

The chromium ion c o n c e n t r a t i o n  in t he  c r y s t a l  is 2 . 8 ~ 1 0 "  cm". 

The 6 m m x 6 m m  end faces of t h e  c r y s t a l  are broadband a n t i r e f l e c t i o n  

coated, s u c h  tha t  r e f l e c t i v i t y  ove r  t h e  1050-1250 nm spectral 

r a n g e  was less t h a n  0.5%. 

The e x p e r i m e n t a l  arrangement  used for wave leng th  t u n i n g  the  

C r : f o r s t e r i t e  laser c o n s i s t e d  of t h e  same c a v i t y  described 

p r e v i o u s l y 3  wi th  a n  i n t r a c a v i t y  d i s p e r s i v e  e l emen t  ( s i n g l e  

b i r e f r i n g e n t  c r y s t a l l i n e  q u a r t z  p l a t e )  i n s e r t e d  i n  t h e  c a v i t y  a t  

Brewster's a n g l e  wi th  r e s p e c t  t o  the  c a v i t y  a x i s .  



- 2 -  

Two sets of laser  m i r r o r s  were used  i n  t h e  e x p e r i s e n t .  The 

back  mi r ro r  of t h e  f irst  s e t  was d i e l e c t r i c  c o a t e d  t o  t r a n s m i t  t h e  

1064-nm pump beam and t o  have a high r e f l e c t i v i t y  of 99.9% i n  

1150-1250 nm range .  Mith t h i s  Sack m i r r o r ,  two d i f f e r e n t  o u t p u t  

mirrors were used: o u t p u t  coup le r  A which had a r e f l e c t i v i t y  of 

98% for t h e  1200-1300 nrn r ange  and o u t p u t  c o u p l e r  B w i t h  

r e f l e c t i v i t y  t h a t  va r i ed  from 9 9 %  a t  1150 nm t o  87% a t  1200 nm. 

The second set  of m i r r o r s  c o n s i s t e d  of t h e  rear mi r ro r  which had 

high t r a n s m i s s i o n  f o r  the 1064-nn p m p  bean 3;ld 99.9% 

r e f l e c t i v i t y  i n  t h e  1275-1375 nm range ,  and o u t p u t  mi r ro r  C whose 

r e f l e c t i v i t y  varied from 964, a t  1275 nm t o  94.5% a t  1375 nm with 

maximum of 9 7 %  a t  1320 nm. 
- - 

The s a m p l e  was l o n g i t u d i n a l l y  pumped by' t h e  fundamental  

1069-nm, 10-ns p u l s e s  from a Q-switched Nd:YAG laser (Quanta-Ray 

DCR-1) o p e r a t i n g  a t  a 10 HZ r e p e t i t i o n  r a t e .  The s p a t i a l  p r o f i l e  

of t h e  pump p u l s e  N ~ S  2 Sauss ian .  The pump beam was l i n e a r l y  

po 1 a r  i ze d 

sample.  

s ample  by 

l e n s  was 

a l o n g  t h e  a-axis  and propagated a l o n g  t h e  c-axis of  the 

The 1064 nm beam was , f o c u s e d  i n t o  t he  c e n t e r  of t h e  

a 50-cm f o c a l - l e n g t h  l e n s .  The p o s i t i o n  o f  t h e  f o c u s i n g  
- 

- -  

a d j u s t e d  t o  opt imize t 9 e  o v e r l a p  between t h e  pump-beam 
I- 

s p o t  s i z e  and t h e  cavity-mode waist. The laser o u t p u t  was 

a n a l y z e d  by a 0.25-m monochromator equipped wi th  a 1000-nm b l a z e d  

gra t ing  and monitored by a f a s t  germanium photodiode. 

With t h e  b i r e f r i n g e n t  p l a t e  i n s e r t e d  i n  t h e  c a v i t y ,  smooth 

t u n i n g  was ob ta ined  and the  result  is d i sp layed  i n  Fig. 1. 

The c e n t e r  c u r v e  shows t h e  r a t i o  of t h e  o u t p u t  laser energy 

t o  the  absorbed inpu t  energy as a f u n c t i o n  of wavelength,  and 
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spanning t h e  1205-1268 nm s p e c t r a l  range was t aken  with t h e  

o u t p u t  c o u p l e r  A. .At :hi? p z a ~  of t h e  t u n i n g  c u r v e  a t  1220 nm, t h e  

o u t p u t  l aser  p u l s e  ene rgy  is - 7 pJ /pu l se  fo r  an inpu t  absorbed 

ene rgy  of 0.9 mJ/pulse.  The tun ing  c u r v e  on t h e  l e f t  covering 

1167-1206 nm was ob ta ined  wi th  t h e  o u t p u t  coup le r  B described 

earlier i n  t h e  t e x t .  The laser o u t p u t  peaks a t  1200 nm with an 

e n e r g y  pe r  p u l s e  of 125 LIJ f o r  an absorbed inpu t  p u l s e  energy of 

1.9 mJ. The t u n i n g  curve on t h e  r i g h t  was ob ta ined  using a p a i r  of 

m i r r o r s  c o a t e d  for  t h e  1275-1375 nm range. It cove r s  t he  

1236-1345 nm range. The o u t p u t  peaks a t  1245 n m  with an ene rgy  

p e r  p u l s e  of 85 UJ for  an absorbed pump ene rgy  o f  2.4 m J .  It 

shou ld  be  no ted  t ha t  we have o b t a i n e d  similar t u n a b l e  o p e r a t i o n  

f o r  532-nm pumping as  well .  

In  summary, w e  have demons t r a t ed  con t inuous ly  t u n a b l e  

o p e r a t i o n  of a C r : f o r s t e r i t e  laser o v e r  t h e  1167-1345 nm spec t ra l  

range. P.t t h e  zeak of t h e  t u n i x g  c u r v e  a t  i200 nm an o u t p u t  of 

125 U J / p u l s e  is ob ta ined ,  w i th  an o u t p u t  t o  absorbed-input  energy 

r a t io  of 6 .6%.  
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FIGURE CAPTION 

Fig. 1 The r a t i o  of 2 r : f o r s t e r i t e  l a s e r  o u t p u t  (EL) 50 t h e  

absorbed pump energy (Ep)  as a f u n c t i o n  of wavelength.  The 

cu rve  i n  t h e  c e n t e r  was taken w i t h  o u t p u t  coup le r  A,  t h e  one  

t o  t h e  l e f t  with o u t p u t  c o u p l e r  B, and t h e  c u r v e  t o  t h e  

r igh t  wi th  a se t  of mi r ro r s  c o a t e d  f o r  t h e  1275-1375 nm 

range (wi th  o u t p u t  coup le r  C). The t r a n s m i s s i o n  

characterist ics of the m i r r o r s  and o u t p u t  c o u p l e r s  are 

desc r ibed  i n  t h e  t e x t .  
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